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ABSTRACT 
 The aim of this study was to evaluate the stability of different orthognathic 
surgical procedures.  
Methods: CBCT scans of 61 patients who had orthognathic surgery were reviewed. 
These included pre-operative (T0), postoperative (T1), and at least one year postoperative 
(T2) (12-47 months) scans. All subjects had undergone maxillomandibular advancement 
surgery, with 23 subjects having clockwise rotation, and 38 having counterclockwise 
rotation of the mandibular occlusal plane. Mimics Innovation Suite™ Research Edition 
software (version 21) (Leuven, Belgium) was used for analysis. Thirty-seven parameters 
were chosen that represented the maxillary and mandibular segments. Measurements 
between points and/or planes were used to detect the sagittal, vertical, and transverse 
movements in each time interval. Linear mixed models analysis was used to detect 
significant differences between time points. Linear regression analysis was used to 
evaluate the correlations between the amount of surgical movement and the postoperative 
changes. 
  vii
Results: Overall, 17 measurements showed significant differences between T1 and T2 
(postoperative). 11 measurements presented statistically significant time point differences 
according to either direction of rotation. Only one measurement showed statistically 
significant difference between T1-T2 (Left ramus plane- Mid sagittal plane) in clockwise 
group while 8 other measurements were found significantly different between T1-T2 in 
the counterclockwise group. 
Conclusion: Except for mandibular advancement measured at right and left mental 
foramen to right and left lingulae, and interlingula distance, bimaxillary advancement 
surgeries with clockwise or counterclockwise rotation of the mandibular occlusal plane 
were stable at least for one year. The main difference between clockwise and counter 
clockwise surgeries was found in the vertical changes of the posterior maxilla and the 
distance between the right and left mental foramen to the coronal plane. 
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INTRODUCTION 
 
Literature Review 
Orthognathic surgery is a treatment approach for patients with facial skeletal 
deformities or discrepancies for whom orthodontic treatment alone will not be possible. 
Orthognathic surgery is performed to alter the shape or position of the jaws to improve 
dental occlusion stability and temporomandibular joint (TMJ) function, open the 
oropharyngeal airway, and improve the patient’s facial esthetics.1 Jaw discrepancies can 
be vertical, sagittal, or transverse, in one or both jaws.1 These discrepancies affect 
patients in different ways, including patients’ esthetics, function and/or self-image.1 
Several studies have reported TMJ pain and dysfunction, chewing difficulties, and 
breathing problems including sleep apneas among patients with skeletal discrepancy.1-3 
Proper diagnosis is crucial to determine the necessity of surgical intervention as 
well as the treatment plan.1 Four main elements are necessary for proper diagnosis: 
clinical facial examination, clinical dental examination, occlusal analysis, and skeletal  
analysis, usually using radiographs such as lateral cephalograms.1 Additionally, it is 
essential to check growth in younger patient to determine the timing of surgery as well as 
to predict potential residual growth that would affect the surgical results stability.1 Non-
growing patients with minimal or no skeletal discrepancy can be treated with 
orthodontics only, while patients with both dental and skeletal discrepancies are treated 
by either orthodontic camouflage or orthodontics and orthognathic surgery.1 
Approximately 4% of the population has a dentofacial deformity that requires 
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orthodontic and orthognathic intervention. The most common indications for surgical 
intervention are severe Class II, Class III malocclusions and vertical skeletal 
discrepancies in non-growing patients.1 Earlier reports suggest that mandibular deficiency 
is the condition for which patients are most likely to present during orthognathic surgical 
evaluation .2 However, a most recent report by Proffit et. al. showed that 41% of patients 
went through surgery for Class II malocclusion correction and 54%  for Class III 
malocclusion correction.4 Proffit et.al have also estimated a 30% of patients who seek 
treatment present with transverse maxillary deficiency component.5 
Simon H. Hullieh, the pioneer and father of oral surgery in America, performed in 
the 19th century the first surgery to correct jaw alignment.6 Following this, remarkable 
developments in the area of orthognathic surgery have occurred.2 Currently, three 
principal surgical techniques are used in orthognathic surgery: (1) Bilateral sagittal split 
osteotomy (BSSO) , which is a sagittal mandibular osteotomy performed through  
bilateral intraoral incisions in the mandible, separating the rami sagittally to allow 
lengthening or shortening of the body(2) Intraoral vertical ramus osteotomy (IVRO) , 
where a through-and-through vertical cut in the mandibular ramus is made with a saw 
through external or internal incisions in the posterior part of the mandible; and (3) Le 
Fort I full maxillary osteotomy, where an incision is made in the vestibular channel from 
the first molar toward the midline, ending at the first molar on the opposite side and the 
maxilla is separated from its superior articulations.7 
In patients with skeletal discrepancies who show dental compensations for their 
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underlying skeletal discrepancies, it is crucial to reverse any dental compensations and 
position the teeth optimally in the basal bone to allow ideal positioning of the jaws during 
the surgery.2 This also helps to achieve the desirable esthetic result,2 although 
decompensating the teeth may make the patient’s esthetics worse temporarily.2,8 
The objective of orthognathic surgery is to reestablish proper function and facial 
esthetics, protect from  TMJ deterioration, and/or open the airway to treat sleep apneas.3 
However, an important underlying goal of the surgery is to maintain stability of the 
outcome.9 Stability of surgical procedure is affected by (1) direction of surgical 
movements, (2) type of fixation, and (3) surgical technique employed.10 Proffit et. al.10 
established a hierarchy for the most stable orthognathic surgical movements or 
procedures as follows:1) superior maxillary movement (maxillary impaction) 2) 
mandibular advancement ( with normal or short anterior face height) 3) forward 
maxillary movement  4) superior maxillary movement and mandibular advancement 5) 
forward maxillary movement and mandibular set-back 6) mandibular  set-back 7) inferior 
maxillary movement 8) maxillary widening.10 Later, these surgical procedures were 
placed into  four main groups according to their stability over the course of one year, 
ranging from highly stable to problematic.11 Baily et. al12 defined the criteria of each 
group as follows: “Highly stable with less than a 10% chance of significant post-
treatment change, Stable with less than a 20% chance of significant post-treatment 
change and almost no chance of major post-treatment change, Stable if modified in a 
specific way (e.g., rigid internal fixation after surgery), and Problematic- a considerable 
 4 
 
 
probability of major post-treatment change”. Superior repositioning of maxilla and 
mandibular advancement (< 10 mm) surgeries in patients with short or normal face height 
were classified as a highly stable procedure, followed by forward positioning of the 
maxilla (< 8 mm) which falls into the stable category. Inferior maxillary movement falls 
in the problematic category with high probability of post surgery change. The 
combination of superior positioning of maxilla and mandibular advancement and its 
Class III counterpart, forward maxillary movement and mandibular set-back, can be 
considered stable only if rigid internal fixation is used.12  
The introduction of rigid internal fixation (RIF) to overcome the weaknesses of 
wire fixation and provide better stabilization of the bony segments has become the gold 
standard.13,14 There are several advantages for the use of RIF,  including shorter periods 
of hospital stay, patient convenience, and minimal or no immobilization of the jaws, 
which allows patients to function sooner.14 on the other hand, Baily et. al. stated that RIF 
is not required for highly stable or stable categories, it would makes procedure more 
stable only when both jaws are moved simultaneously in Class II and Class III 
correction.12 
Several reports reviewed short term and long term stability after orthognathic 
surgery using 2D lateral cephalograms. Maxillary impaction was ranked the highest in 
the hierarchy for stability.10 Proffit el. al reported that 90% of the patients , regardless of 
the type of fixation, had the maxilla in the same vertical position in which the surgeon 
had placed it.10 Both one piece and multiple segment Le Fort maxillary osteotomy did not 
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affect the stability results.10 However, Bishara et. al. reported that after maxillary 
impaction surgery,  the anterior part of the maxilla moved superiorly post surgically more 
than twice that of the posterior part of the maxilla.15 When comparing maxillary 
impaction surgeries between open bite and non-open bite malocclusions, there is post-
treatment instability in the open bite group reported.16 
A study of stability showed that 14 %  of maxillary advancement surgeries 
showed significant clinical relapse by ≥2 mm.17 It is relatively a stable procedure with 
80% chance that the maxilla would stay where it was placed postsurgical.10 No difference 
in stability was reported between the type of fixation used with this procedure.10 One of 
the risk factors identified in maxillary advancement surgeries was the degree of  surgical 
movement.17 A systemic review of stability in segmental Le Fort I osteotomy by Haas 
Junior et. al. concluded that there is a trend towards clockwise rotation of the anterior 
segment of the maxilla, and this remained relatively stable skeletally.18 
Inferior positioning of maxilla without interpositional grafts was found to be not 
stable with intermaxillary fixation. It still showed relapse tendency with rigid internal 
fixation.10 Convens et. al. reported that there is a conflicting results regarding stability 
after one piece versus segmental osteotomy maxillary inferior positioning.13 The relapse 
mean reported was 1.6mm to -0.1mm for the anterior part of the maxilla and 0.3mm to -
0.3mm for the posterior part.13 on the other hand, Haas Junior et. al. reported that vertical 
stability outcomes in the literature were consistent with less dental and skeletal relapse in 
the anterior segment than in the posterior segment in inferior surgical repositioning of the 
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maxilla, even with different techniques performed to minimize this relapse, like bone 
grafting, rigid internal fixation, and bimaxillary surgery.18 They attributed this to two 
main reasons, one is that the anterior extrusion of the maxilla rarely causes loss of bone 
contact because the vertical movement anteriorly may be the result of clockwise rotation 
of the maxilla and not a linear maxillary displacement, and the second is that the 
stabilization of grafted bone in the anterior region is easier.18 
Surgical maxillary expansion for transverse maxillary deficiency is considered the 
least stable surgical procedure.10 Many factors contribute to this post-surgical instability, 
such as muscle activity, inadequate maxillary mobilization during the surgery, the type 
and amount of surgical movement, inappropriate or no bone grafting, soft tissue tension, 
and segment stabilization.19,20 Moreover, it was reported that surgeons may hesitate to use 
the segmental Le Fort I osteotomy because the safety and stability of this technique 
remain unclear.21 A systemic review by Haas junior et. al. suggested that some surgical 
techniques may be able to improve stability in transverse plane.18 They suggested that 
two-segment osteotomy provides greater dental stability in the anterior region of the 
maxilla than three segment surgery. However, both techniques showed a similar pattern 
of relapse in the posterior region. They also reported that two-segment technique also 
provides the advantage of allowing larger movement than the three-segment technique. 
Mandibular advancement surgeries have been reported to have adequate stability 
results with better than 90% chance that the mandible stays within 2mm of where it was 
placed during surgery.10 However, other studies reported instability range from a 34% 
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relapse to -9% relapse of bilateral sagittal split mandibular advancement surgery.22,23 
Correct seating of the condyles during the surgery, degree of advancement, and soft 
tissue and muscle stretch are some factors reported to influence the long-term stability.22  
The vertical ramus osteotomy (VRO) for mandibular setback is preferred by some 
surgeons over the bilateral sagittal split osteotomy (BSSO) because of a lower incidence 
of neurosensory disturbance.23 Mandibular setback surgeries were reported to have 17% 
instability with a  mean of  2.12 mm of change in in either direction in the IVRO group 
and a wide range of 4.35% to 62% tendency of relapse in BSSO mandibular setback 
surgeries.22 The relapse reported is in a forward direction with a mean of 22%.22,23 Profitt 
et. al. reported a large number of patients who had forward postsurgical movement with 
IVRO and RIF, yet BSSO technique was shown to make relapse tendencies worse.10 
When comparing a single jaw mandibular set back surgery to bimaxillary surgery, a 
higher rate of relapse was observed for single jaw surgery.24 In addition, hyoid bone 
position and airway size also underwent relapse after single jaw mandibular set back 
surgery.24 
Bimaxillary surgeries to correct Class II skeletal discrepancies are higher in the 
hierarchy of stability ( more stable) than bimaxillary surgeries to correct Class III skeletal 
discrepancies.10 Proffit et. al. reported a relapse of 20% , where maxilla would move 
more superiorly in the maxillary impaction and mandibular advancement bimaxillary 
surgery, and around half of the patients` mandible slip posteriorly with wire 
maxillomandibular fixation.10 However, With RIF in the mandible  more than 90% of the 
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patients were judged to have an excellent clinical outcome.10 Furthermore, condylar 
resorption after mandibular advancement and a relapse into an anterior open bite have 
been reported as potential long-term clinical problems.25 Another study on long term 
stability of bimaxillary surgery treatment of mandibular deficiency and maxillary excess 
reported that  a small amount of downward and backward rotation of the mandible 
occurred long term.26 On the other hand, mandibular setback and maxillary advancement 
bimaxillary surgery stability was reported by Proffit et al. to be similar to the changes 
seen in each jaw after maxillary advancement or mandibular setback alone. 10 
Stability of mandibular rotation during surgery has been also studied in two 
dimensions (2D).10,27,28 Proffit et al. found poor skeletal stability after counterclockwise 
rotation of the occlusal plane.10 This was attributed to an increase in the posterior face 
height and stretching of the pterygomandibular muscles.10 On the other hand,  a study by 
Kor et. al. suggested that bimaxillary surgeries with clockwise or counterclockwise 
rotation of the mandibular occlusal plane appeared to be well maintained both 
horizontally and vertically.28 Similarly, a study in 2014 by Esteves et. al. found stable 
results of counterclockwise rotation of the maxillomandibular complex surgeries in long-
face pattern patients undergoing orthognathic surgery.27 
After the introduction of cone beam computed tomography (CBCT), several 
reports studied the stability of orthognathic surgeries in three dimensions (3D). CBCT is 
a fast developing technology which provides relatively low dose, high spatial resolution 
imaging of the craniofacial complex in three dimensions.29 It also provides detailed and 
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dimensionally accurate images and is particularly useful for evaluating bony structures.30  
Surface Based Registration (SBR) and Voxel Based Registration (VBR) are 
commonly used methods for 3D superimposition.31 Surface based registration was the 
initial method described for 3D image superimposition.31 It involves approximating two 
surfaces by selecting specific landmarks on the two images and translating and rotating 
one of the images so the landmarks align. This followed by a process which minimizes 
the surface distance between the two surfaces.31 Recently, the newer method ,VBR was 
introduced to the medical research field.31 It utilizes the grey scale difference of the 
voxels to align the two DICOM (Digital Imaging Communication in Medicine) images to 
the best superimposition achieving the least total grey scale density difference between 
the two images.31 Studies reported that the use of voxel based registration for 
superimposition has high accuracy and reliability in registration.31-33 
Stability follow-up studies using CBCT were largely conducted on mandibular 
advancement surgeries.34-36 Almost all of them utilized Voxel Based Registration method 
on images registered using cranial base as a reference.  A 1 year mandibular advancement 
stability study by Carvalho et.al.35 in 2011 reported considerable variability in stability at 
one year after surgery.35 This study was carried out on 27 patients who were diagnosed 
with Class II malocclusion and more that 5mm overjet. All subjects underwent BSSO 
mandibular advancement surgery. They found that half of the patients had more than 2 
mm change in chin position in the period between splint removal to the 1-year follow-up 
with approximately equal chances of anterior and posterior movement of the chin. When 
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they examined the subjects’ rami, they found that 65% of the subjects presented with ≥2 
mm outward (lateral) movements with surgery. That lateral movement was greater at the 
inferior part of the rami, and this movement of the ramus during surgery was stable one 
year post surgery. 
Motta et. al. in 2011  also conducted a 3D stability study on 27 subjects.37 These 
subjects exhibited Class II malocclusion with more than 5mm overjet and underwent 
BSSO mandibular advancement surgery. They found that chin advancement achieved 
with surgery was maintained 1 year after surgery. They  also found that there is a small 
condylar displacement in variable transverse directions with surgery (0.98 ± 1.46 mm on 
the left and 0.81 ± 1.40 mm on the right) and that this small displacement was maintained 
1 year after  surgery. 
Franco et.al. reported in 2013 that the chin rotated downward and backwards 
between the 1 and 3 years postoperatively.36 He concluded that between one to three 
years after surgery, approximately one out of six patients who have mandibular 
advancement surgery will experience clinical changes (2 to 4mm) in the horizontal and 
vertical chin position.36 
Almeida et. al. reported that 31% of  lower lip changes at one year after surgery 
were  actually changes in lower incisor position while 73% of the soft tissue chin changes 
were explained by the hard tissue chin.34 Additionally, a study of airway change and 
stability after either bimaxillary surgery for Class III patients or mandibular setback 
surgery reported less than 2mm relapse mean in the mandibular setback surgery group, 
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affecting the volumes of oropharyngeal and hypopharyngeal regions.38 
 
Aim and Hypothesis 
 To this date, there is no detailed data for three-dimensional long-term stability and 
outcome prediction of orthognathic surgeries. Because there is insufficient detailed 
information existing to document three-dimensional surgical stability and outcome 
prediction, the aim of this study was to analyze the three-dimensional changes in the 
maxilla and mandible after different orthognathic procedures in non-growing patients. 
 
Null Hypothesis: 
There is no difference in skeletal measurements of orthognathic surgery results between 
immediate post surgery (T1), and at least a year after surgery (T2) detected using cone-
beam computed tomography. Additionally, there is no difference in surgical stability 
between different groups of surgeries. 
Orthognathic surgeries will be divided into 2 main groups: 
o Group 1: Maxillomandibular advancement surgery with counterclockwise 
rotation of the mandibular occlusal plane 
o Group 2: Maxillomandibular advancement surgery with clockwise rotation 
of the mandibular occlusal plane 
 
 12 
 
 
MATERIALS AND METHODS 
 With Institutional Review Board approval (H-33913), 61 charts for subjects (n= 
61) who received orthodontic and orthognathic surgical treatment to correct their skeletal 
discrepancy were reviewed as they became available for this observational study. No 
scans were taken for research purposes. Among these subjects, 43 (70.49%) presented 
with Class II malocclusion, and 18 (29.52%) with Class III malocclusion. Patients were 
followed up for at least 1 year postoperatively. All mandibular advancements were 
performed using bilateral sagittal split osteotomy (BSSO) and rigid fixation with plates 
and screws. Any patient with skeletal deformities caused by trauma, cleft lip and palate, 
syndromic or degenerative conditions, patients who had to undergo a second orthognathic 
surgery, and patients who had had previous orthognathic surgery were excluded. 
Three scans for each patient were taken at three time points: preoperative (T0), 
postoperative (T1) (10 days-8 weeks), and at least one year after the surgery (T2). CBCT 
scans were taken on i-CAT™ (Imaging Sciences International, Hatfield, PA, USA) 
machines using two different settings, (120 kV, 5 mA, voxel size 0.3mm, exposure time 
7s or 120 kV, 48 mA, voxel size 0.4mm). The scans were acquired in natural head 
position in centric relation under the supervision of a trained radiology technician. 
Although two different i-CAT machines were used to acquire CBCT scans, all scans of 
each subject were taken using the same machine. 
Mimics Innovation Suite™ Research Edition software (version 21. Leuven, 
Belgium) was used for identifying the anatomic landmarks and calculating the 
measurements. After importing each CBCT DICOM file into the software, a skull mask 
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was created by setting a predefined bone threshold in the 2D viewports (between 226 - 
3071 Hounsfield Units (HU)) to include all bony structures. Then, a split mask tool was 
used to split the mask into two separate masks, one for the mandible and another for the 
rest of the skull in all three viewports (coronal, sagittal, and axial). In order to create a 3D 
surface model of each mask, the “calculate part” tool was used to create a 3D object of 
the mandible and another one for the rest of the skull. 
Thirty-three anatomical landmarks (Table 1) were marked in the coronal, sagittal, and 
axial viewports according to the criteria used by Naji et. al. with some modifications.39 
The center of each marker represented the exact location of the landmark. The landmark 
was marked in the first slice in which it was visible, moving mesiodistally, superior-
inferiorly or anteroposteriorly, and then adjusting the marker in other planes of space. A 
total of 7 planes (Table 2) were defined based on the identified landmarks in order to 
measure the distance between different points and/or planes as follows: 
1) Frankfort horizontal plane (FH) 
2) Midsagittal plane 
3) Coronal plane (CP) 
4) Right and left ramus planes 
5) Right and left posterior maxillary planes 
 
The right and left ramus planes were constructed to identify any possible multiplanar 
movement of the mandibular rami after the surgery. The ramus plane passes through 
sigmoid, constructed condyle point, and lingula on the same side (Figure 1). The 
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constructed condyle point was created after locating the lateral and medial condylar 
poles. Then, after identifying the midpoint using the midpoint method of the Create 
Primitive tool, the constructed condyle point was marked. 
 
Figure 1 Mid sagittal plane and left ramus plane 
 
 
The right and left posterior maxillary planes (Figure 2) were constructed to measure 
multiplanar changes in the posterior maxilla after maxillary expansion. The maxillary 
posterior plane was constructed by identifying three points in the posterior maxilla on 
each side; Premolar 1(PM1), Molar 1(M1), and Molar 2 (M2). (See Table 1). The first 
two points, PM1 and M1, were indicated by first identifying the second molar furcation 
in the axial plane, then using the midpoint method of the Create Primitive tool to create a 
midpoint between two given input points, one on the buccal and another on the lingual 
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plates of the alveolar bone. The first input point is selected by measuring out the distance 
of the lingual cortical bone between two adjacent teeth, then identifying the center point 
of that distance and indicating it in the 2D axial plane, while the second point is similarly 
indicated on the buccal cortical plate at a mid-distance between the same adjacent teeth 
(Figure 3). After indicating the PM1 and M1 points on the same axial plane, M2 point 
was indicated by advancing the image slices superiorly to what is equivalent to 5.2mm 
using the same Create Primitive tool explained earlier. (Figure 4)  
 
Figure 2 Mid sagittal plane and left posterior maxillary plane 
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Figure 3A screenshot of an axial view of a subject's CBCT. Note the slice is at the 
level of the furcation of the upper right second molar tooth. (A) A point in the 
middle of the lingual plate of the alveolar bone between the first and the second 
premolars. (B) A point in the middle of the buccal plate of the alveolar bone between 
the first and second premolars. (C) A mid point calculated by the “create primitive” 
tool in the middle between point A and point B 
 
  
A C 
B 
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Figure 4 A screenshot of an axial view of a subject's CBCT. Note the slice is at the 
level of the furcation of the upper right second molar tooth. (A) A point in the 
middle of the lingual plate of the alveolar bone between the first and the second 
molars. (B) A point in the middle of the buccal plate of the alveolar bone between 
the first and second molars. (C) A mid point calculated by the “create primitive” 
tool in the middle between point A and point B. 
 
Quantitative measurement of displacements between points and/or planes were 
used to detect any immediate or long term operative changes. Thirty-seven parameters 
were chosen to represent the maxillary and mandibular segments. Displacements were 
measured in millimeters or degrees in the 3D surface models between (T0-T1), (T1-T2), 
and (T0-T2) for each group. 
Statistical analysis was performed using SAS ® software version 9.4.  Linear 
mixed models analysis was used to detect significant differences between T1 and T2 on 
skeletal measurements, controlling for their baseline (i.e. T0) values. Due to the clinical 
significance of the direction of rotation of the occlusal plane, the postoperative changes 
were grouped and analyzed according to the direction of rotation. The means of surgical 
A 
B 
C 
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changes at anatomic points of interest were reported depending on the rotation of 
mandibular occlusal plane during surgery: clockwise (CW) or counterclockwise (CCW). 
Any p values less than 0.05 were considered statistically significant. Linear regression 
analysis was used to evaluate the correlations between the amount of surgical movement 
and the postoperative changes. 
Intraexaminer reliability was tested in 10 randomly selected subjects. The 
measurements of all parameters were measured twice at a two-week interval. Agreement 
between the repeated measures was assessed using intraclass correlation coefficient 
(ICC). 
 
Three-
Dimensional 
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Right infra 
orbital 
foramen 
The most medial inferior 
point of right infraorbital 
foramen 
Inferior-most 
point 
Medial-
most point 
Medial-
Inferior-
most point 
Left infra 
orbital 
The most medial inferior 
point of left infraorbital 
Inferior-most 
point 
Medial-
most point 
Medial-
Inferior-
 19 
 
 
foramen foramen most point 
Right greater 
palatine 
foramen 
Most medial-posterior point 
of the right greater palatine 
foramen 
Inferior-most 
point 
Medial- 
posterior-
most point 
Medial-
most point 
Left greater 
palatine 
foramen 
Most medial-posterior point 
of the left greater palatine 
foramen 
Inferior-most 
point 
Medial- 
posterior-
most point 
Medial-
most point 
Right 
aperture 
piriformis 
The most anterior- lateral 
point on the right nasal 
aperture 
Anterior-
inferior most 
point 
Anterior-
most point 
Lateral-
most point 
Left aperture 
piriformis 
The most anterior- lateral 
point on the left nasal 
aperture 
Anterior-
inferior most 
point 
Anterior-
most point 
Lateral-
most point 
Right mental 
foramen 
The most lateral inferior 
point of right mental 
foramen 
Inferior-most 
point 
Lateral-
most point 
Inferior-
lateral 
most point 
Left mental 
foramen 
The most lateral inferior 
point of left mental foramen 
Inferior-most 
point 
Middle 
inferior-
most point 
Inferior-
most point 
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Right lingula Most posterior-medial point 
of mandible’s right lingula 
sharp spine 
Middle-
posteriormedia
l- most point 
Posterior-
medial-
most point 
Middle-
medial-
most point 
Left lingula Most posterior-medial point 
of mandible’s left lingula 
sharp spine 
Middle-
posteriormedia
l most point 
Posterior-
medial-
most point 
Middle-
medial-
most point 
Right gonial 
angle 
Most middle-lateral point of 
right gonial angle of the 
mandible 
Middle-lateral-
most point 
Lateral-
most point 
Lateral-
most point 
Left gonial 
angle 
Most middle-lateral point of 
left gonial angle of the 
mandible 
Middle-lateral-
most point 
Lateral-
most point 
Lateral-
most point 
Right Porion The most middle-superior 
point of the right external 
acoustic meatus 
Superior-most 
point 
Middle-
superior-
most point 
Superior-
most point 
Left Porion The most middle-superior 
point of the left external 
acoustic meatus 
Superior-most 
point 
Middle-
superior-
most point 
Superior-
most point 
Right 
Orbitale 
 
The most middle inferior 
point of left infra orbital rim 
Inferior-most 
point 
Middle 
inferior-
most point 
Inferior-
most point 
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Left Orbitale The most middle inferior 
point of left infra orbital rim 
Inferior-most 
point 
Middle 
inferior-
most point 
Inferior-
most point 
Nasion The most middle-anterior 
point of the frontonasal 
suture 
Anterior-most 
point 
Middle-
anterior-
most point 
Middle-
anterior-
most point 
Basion  The most middle- inferior 
point of the anterior margin 
of the foramen magnum 
Inferior-most 
point 
Middle 
inferior-
most point 
Inferior-
most point 
Right 
sigmoid 
The most middle inferior 
point of the right sigmoid 
notch of the mandible 
Inferior-most 
point 
Middle 
inferior-
most point 
Inferior-
most point 
Left Sigmoid The most middle inferior 
point of the left sigmoid 
notch of the mandible 
Inferior-most 
point 
Middle 
inferior-
most point 
Inferior-
most point 
Right medial 
condyle pole 
Most middle-medial point 
of right condyle 
of the mandible 
Middle-
medial-most 
point 
Medial-
most point 
Medial-
most point 
Right lateral 
condyle pole 
Most middle-lateral point of 
right condyle of the 
mandible 
Middle-lateral-
most point 
Lateral-
most point 
Lateral-
most point 
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Left medial 
condyle point 
Most middle-medial point 
of left condyle of the 
mandible 
Middle-
medial-most 
point 
Medial-
most point 
Medial-
most point 
Left lateral 
condyle point 
Most middle-lateral point of 
left condyle of the mandible 
Middle-lateral-
most point 
Lateral-
most point 
Lateral-
most point 
Right 
constructed 
condyle 
A constructed point at the 
middle of line connecting 
the right medial and right 
lateral condyle points 
Midpoint  Midpoint  Midpoint 
Left 
constructed 
condyle 
 
 
A constructed point at the 
middle of the left medial 
and lateral condyle points 
Midpoint  Midpoint  Midpoint 
Right 
Premolar 1 
(PM1) 
A point at the mid-alveolar 
bucco-lingual width of the 
bone between the first 
premolar and second 
premolar at the furcation 
level of a second molar 
tooth of the right side 
Midpoint Midpoint Midpoint 
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Right Molar 
1 (M1) 
A point at the mid-alveolar 
bucco-lingual width of the 
bone between the first 
molar and the second molar 
at the furcation level of a 
second molar tooth of the 
right side 
Midpoint Midpoint Midpoint 
Right Molar 
2 (M2) 
A point at the mid-alveolar 
bucco-lingual width of the 
bone between the first 
molar and the second molar 
around 5.2mm above the 
furcation of a second molar 
tooth of the right side 
Midpoint Midpoint Midpoint 
Left 
Premolar 1 
(PM1) 
A point at the mid-alveolar 
bucco-lingual width of the 
bone between the first 
premolar and second 
premolar at the furcation 
level of a second molar 
tooth of the left side 
Midpoint Midpoint Midpoint 
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Left Molar 1 
(M1) 
A point at the mid-alveolar 
bucco-lingual width of the 
bone between the first 
molar and the second molar 
at the furcation level of a 
second molar tooth of the 
left side 
Midpoint Midpoint Midpoint 
Left Molar 2 
(M2) 
A point at the mid-alveolar 
bucco-lingual width of the 
bone between the first 
molar and the second molar 
around 5.2mm above the 
furcation of a second molar 
tooth of the left side 
Midpoint Midpoint Midpoint 
Table 1 Anatomical landmarks 
Plane Definition 
Frankfort horizontal 
plane (FH) 
A Plane passes through right Porion, left Porion and right 
Orbitale  
Mid sagittal plane A plane passes through Nasion, Basion, and perpendicular to 
FH 
Coronal Plane A plane that passes through Basion and is perpendicular to 
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both FH plane and mid sagittal plane 
Right Ramus plane A plane that passes through right sigmoid point, right 
constructed condyle point, and right lingula 
Left Ramus plane A plane that passes through left sigmoid point, left 
constructed condyle point, and left lingula 
Right posterior 
maxillary plane 
A plane passes through right PM1, M1, and M2 points 
Left posterior 
maxillary plane 
A plane passes through left PM1, M1, and M2 points 
T ble 2 A list of planes 
 26 
 
 
RESULTS 
 One hundred eighty-three CBCT scans of patients who met the criteria were 
collected. Forty- four (72.13%) subjects were females and 17 (27.87%) were males, with 
an average age of 25.19 ± 10.61 (range 16 – 58 years) were studied. The average follow-
up in months for T2 was 18.51 ± 7.67 with a range of 12-47 months. Forty- five subjects 
exhibited skeletal Class II malocclusion and 16 exhibited CL III malocclusion. All 
subjects had undergone maxillomandibular advancement surgery. Twenty-three had 
clockwise rotation of the mandibular occlusal plane, and 38 had counterclockwise 
rotation. The agreement between the repeated measurements was excellent, with ICCs 
above 0.82 in all of the measurements. 
Operative (T0-T1) and 1 year postoperative (T1-T2) changes in skeletal 
measurements were divided into three categories: significant overall difference among all 
three time points, significant differences during each interval and direction of rotation 
interaction (e.g. measurements that are significant during a given time interval and were 
also found significant between the two types of rotation group), and no significant 
changes (Tables 3-5). There were statistically significant findings in 23 measurements 
among all three time points.  
Overall, 17 measurements showed significant differences between T1 and T2 
signifying postoperative instability (Tables 3-4). When comparing CW to CCW group, 9 
measurements presented statistically significant postoperative changes (Table 4), while 
11 measurements did not show any significant operative or postoperative changes over 
time nor any difference between the CW and the CCW groups (Table5) 
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Table 6 summarizes linear regression analysis for all measurements of both the 
CW and CCW groups.
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Table 3 Significant overall differences among all three time points 
*  P value reported is for T1-T2 mean difference 
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Table 4 significant time point/ direction of rotation interaction 
*  P value reported is for T1-T2 mean difference 
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Table 5 Non-significant measurements 
*  P value reported is for T1-T2 mean difference
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Table 6 linear regressions 
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DISCUSSION 
Three-dimensional assessment of surgical stability requires a very precise 
technique to overcome inaccuracies in superimposition methods. Although the Voxel 
Based Registration (VBR) method has shown to be a more accurate method for CBCT 
superimposition over Surface Based Registration (SBR), both methods still use the “best-
fit” technique, and this might overlook some of the skeletal changes that have happened. 
The superimposition method identifies generalized changes in the face and jaws, and we 
were more interested in measuring specific parameters that identifies changes at the level 
of specific structures. For that reason, we selected a technique that avoids 
superimposition and depend on single CBCT measurements on anatomical landmarks 
that showed good reliability in previous studies. In addition, we chose skeletal landmarks 
rather than dental landmarks, to avoid any measurements that might be influenced by 
orthodontic movement after the surgery. 
Operative Changes (T0-T1) 
Maxilla 
Our study found that the anterior maxilla, measured by oral incisive foramen 
point, was advanced by a mean of 4.87 mm in the CW group, and 4.03mm in the CCW 
group. Also, our study found that anterior maxilla moved superiorly by a mean of 
0.83mm in the CW group, and 0.64mm in the CCW group, which was not clinically 
significant. 
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The internasal aperture distance, measured between the most anterolateral points 
of the nasal base on right and left sides, showed a significant operative increase by a 
mean of 3.34mm and 4.42 mm in CW and CCW groups, respectively. There was no 
difference found when comparing the two groups to each other. 
The position of the posterior maxilla, measured between the right and left greater 
palatine foramina to both the coronal and FH planes, showed statistically significant 
operative changes. The measured advancement had a mean of 4.02 mm in the CW and 
2.54 mm in the CCW groups in the right side and a mean of 3.74 mm in the CW and 
2.99mm in the CCW groups on the left side. In terms of vertical changes, there was a 
downward movement of on average of 1.12mm for CW group, and 1.94mm for the CCW 
group on the right side, and an average of 0.63mm for CW and 1.19mm for the CCW on 
the left side. 
In terms of transverse changes, the inter-greater palatine distance increased 
significantly during the operative period by a mean of 5.48mm in CW group and 5.17mm 
in CCW group. The maxillary posterior planes were also analyzed relative to the 
midsagittal plane and showed no significant operative changes, nor was there any 
significant difference between the CW and CCW groups. 
It should be noted that for single piece maxillary procedures we excluded the 
following transverse measurements from analysis, since no change was expected during 
either time interval; internasal aperture distance, intergreater palatine distance, left 
posterior maxilla- mid sagittal plane, and right posterior maxilla – mid sagittal plane. 
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Mandible 
Mandibular position was studied by measuring the position of the right and left 
mental foramina to the coronal plane, FH plane, and right and left lingula points. Our 
study found statistically significant advancement at the right mental foramen – CP by an 
average of 10.17mm in CW group and 10.69mm in the CCW group, and an average of 
10.78mm in CW, and 11.03mm in CCW group on the left side. Likewise, statistically 
significant advancement was found at the right and left mental foramina to the right and 
left lingual points. The average operative advancement at the right side was 5.87mm for 
CW group and 6.72mm for CCW group. The average advancement at the left side was 
6.62mm for the CW group and 6.8mm for the CCW group. There was no statistically 
significant difference found when comparing CW and CCW groups to each other. 
Vertical position of the mandible was measured by calculating the distance 
between right and left mental foramina – FH plane. Results of our study showed that the 
operative change at the right mental foramen – FH plane distance was significantly 
different between CW and CCW groups. The CW group showed a mean increase of 
0.34mm, but the CCW group showed a decrease of 0.17mm. While on the left side, no 
difference was found when comparing the two groups means.  
When measuring interlingula distance, our study showed a significant operative 
increase by 3.4mm in CW group and 3.51mm in CCW group. This could be explained as 
torque in the mandibular rami during fixation procedure. 
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Condyles and ramus 
Although surgeons always attempt to maintain the condyles seated in the glenoid 
fossa during surgery, the rami and condyles are often displaced in various planes during 
mandibular advancement surgery. As a result, these displacements might be multiplanar 
in orientation. Our study showed that the angle of the mandibular ramus plane relative to 
mid sagittal plane in the transverse plane was significantly different between the CW and 
CCW groups. The CCW group showed an operative decrease of 2.79° in the right side 
and 3.37° in the left side (i.e. the gonial angle moved more lateral). While the CW group 
showed an increase by 0.92° in the right side. 
 The position of the mandibular condyles has been also analyzed in our study 
relative to the coronal plane, FH plane and midsagittal plane. Relative to the coronal 
plane, the right and left condyle points, right and left medial condyle points, and right and 
left lateral condyle points in the CW group demonstrated no significant decrease at the 
operative period. However, in the CCW group, all condyle points showed significant 
decreases (mean of 0.7, 0.2, and 1.27mm for the right side, and a mean of 0.6, 0.24, and 
0.98 mm for the left side, respectively) which means that the condyles in both groups 
moved back in the operative period. On the other hand, both right and left condyles did 
not show significant change in the operative period for both CW and CCW groups 
relative to FH and midsagittal planes. 
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Postoperative Changes (T1-T2) 
Maxilla 
The anterior maxilla, measured by oral incisive foramen point, did not show significant 
sagittal (oral incisive foramen – CP) or vertical (oral incisive foramen – FH) changes 
postoperatively for either CW or CCW groups, which represents a good stability at this 
area. Likewise, the operative change at the internasal aperture distance remained stable at 
the postoperative period with no significant difference found between the T1 and T2 
means (postoperative period). 
The advancement of the posterior maxilla was found to be fairly stable and 
showed no significant difference at the postoperative period (T1-T2). On the other hand, 
the vertical position of posterior maxilla, measured between the right and left greater 
palatine foramina to Frankfort Horizontal, showed significantly different changes at the 
postoperative period when comparing the CW to the CCW groups. The CCW group 
showed a significant decrease by a mean of 1.43mm on the left side and 1.48mm on the 
right side at the postoperative period, signifying that the posterior maxilla moved up. The 
downward movement of the maxilla during the operative period in the CCW group 
compared to the CW group can explain the superior movement (relapse) noted in the 
postoperative period in this group. In the CW group the posterior maxilla moved up 
relative to the FH plane in the postoperative period by a mean of 0.83mm on the right 
side and 0.28mm on the left side, but this change was not statistically significant. 
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Our study found that posterior maxillary expansion at the postoperative period 
was stable, with no significant difference when compared to the operative changes. 
Likewise, the maxillary posterior planes showed no significant postoperative change, nor 
was there any significant difference between the CW and CCW groups. 
 
Mandible 
Both CW and CCW groups showed significant decreases of the mandibular 
advancement in the right mental foramen to right lingula distance by a mean of 2.59 mm 
and 2.16 mm respectively, as well as the left mental foramen to lingula distance by a 
mean of 2.73 and 2.4 mm respectively during the postoperative period. The difference 
between the CW and CCW groups was not statistically significant.  On the other hand, 
only the CCW group showed a significant decrease when measuring the mental foramen 
to coronal plane distance by a mean of 1.97mm and 1.83mm on the left and right side 
respectively. The more stable postoperative advancement at found in the CW group 
(measured by right and left mental foramina to coronal plane) might be explained by less 
stretching of the pterygomandibular muscles in the clockwise group during surgery. Our 
study findings are in agreement with other studies by Proffit et al, Kor et al, and Esteves 
et al.10,27,28 The vertical position of the mandible at the postoperative period was found to 
be stable with no statistically significant changes neither in the CW nor the CCW group. 
The interlingula distance showed a significant decrease at the postoperative period 
by a mean of 2.5mm and 2.78mm for CW and CCW groups respectively after an 
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operative increase. Thus, their postoperative decrease is basically a return towards their 
original position. 
 
Condyles and ramus 
 In the CW group the right and left ramus to mid sagittal plane measurement 
increased during the postoperative period indicating a relative inward movement of the 
inferior ramus. Only the left movement was significant by a mean of 2.83° (P= 0.03). 
However, in the CCW group, both right and left ramus planes showed an increase of 
3.18° and 3.33°. This is thought to be a recovery from an initial decrease during the 
operative period. Although it is difficult to compare the results of our study to other 
published studies evaluating multiplanar movements of the ramus after surgery due to 
different methodologies, Carvelho et. al.35 described this type of movement as a lateral 
movement that was greater in the inferior portion of the ramus than in the superior 
portion. They also reported that inferior ramus had mean displacements of 2.34 ± 2.35 
mm on the right side and 2.97 ± 2.71 mm on the left side with surgery. However, unlike 
our study results, these surgical changes were stable 1-year postoperatively.   
The position of the mandibular condyles relative to the coronal plane (the right 
and left condyle points, right and left medial condyle points, and right and left lateral 
condyle points) in the clockwise group demonstrated no significant change at the 
postoperative period. However, in the CCW group, all condyle points showed significant 
increases (mean of 0.76, 0.76, and 0.72mm for the right side, and a mean of 1.11, 0.95, 
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and 1.29mm for the left side, respectively). This means that the condylar head moved 
forward in the postoperative period after they have been properly seated (most 
posteriorly) in the operative period relative to the coronal plane. This could have 
happened due to patients posturing forward during the postoperative period. The similar 
movement noted at the three condylar points for each side means that there was no 
rotation of the condylar head in either group. In the vertical and transverse plane, neither 
the right nor left condyle showed significant change in the postoperative period for both 
CW and CCW groups. The intercondylar distance was found to be significantly 
decreased in both CW and CCW groups during the postoperative period (a mean of 
1.01mm and 0.45mm, respectively). This might be an additive effect of condylar medial 
movement in both sides, which was not detected when comparing it to a fixed plane (i.e. 
Midsagittal plane). 
When linear regression analysis was performed, postoperative changes of some 
anatomic points in the CW group were negatively correlated to the amount of operative 
change (at T1) (Table 6). For example, in the CW group, for each 1mm of advancement 
of the anterior maxilla during the operative period (measured at the incisive foramen) 
there is an estimated 0.31mm decrease (relapse) in this measurement in the postoperative 
period. Significant negative correlations (estimated relapse) were also found in the 
following measurements in the clockwise group; oral incisive foramen- coronal plane, 
oral incisive foramen- FH plane, left greater palatine – coronal plane, right and left 
greater palatine – FH plane, left mental foramen – left lingula, interlingula distance, left 
ramus plane- mid sagittal plane, right medial condyle – coronal plane, left medial condyle 
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– FH plane, and right lateral condyle to mid sagittal plane. On the other hand, most of the 
CCW group measurements were also negatively correlated to the amount of change 
measured at the operative period, indicating some degree of postoperative relapse. 
The postoperative changes reported in our study are mostly similar to those from 
2D cephalometric studies. However, our study sample was not large enough to 
statistically compare subgroups (i.e 1 piece vs. 4 piece), and future studies with larger 
samples and longer follow-up are needed. Another limitation of this study is that there are 
no records of postoperative orthodontic treatment, and thus the calculation of the 
posterior maxillary plane may have some inaccuracy. It should be mentioned that no 
adjustment was made for multiple comparisons, and there might be false positive results 
due to type 1 error inflation. 
In conclusion, except for mandibular advancement measured at right and left 
mental foramen to right and left lingulae, and interlingula distance, bimaxillary 
advancement surgeries with clockwise or counterclockwise rotation of the mandibular 
occlusal plane were stable at least for one year. The main difference between clockwise 
and counter clockwise surgeries was found in the vertical changes of the posterior 
maxilla and the advancement of the mandible when measured between the right and left 
mental foramen to the coronal plane. 
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